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A novel trypsin inhibitor isolated from seeds of Copaifera langsdorf®i
was puri®ed to homogeneity and crystallized. Crystals suitable for
X-ray analysis were grown using the hanging-drop vapour-diffusion
method at 291 K in sodium acetate buffer at pH values near 4.3 using
PEG 4000 as precipitant. The crystals presented symmetry compa-
tible with the space group P41212 or P43212, with unit-cell parameters
a = b = 58.71, c = 93.75 AÊ , and diffracted to 1.83 AÊ resolution at the
synchrotron source.
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1. Introduction
Proteinase inhibitors may be de®ned as
proteins capable of strongly inhibiting hydro-
lytic enzymes both in vitro and in vivo by
forming stoichiometric and stable complexes
(Breddam et al., 1991; Bode & Huber, 1991).
They are present in multiple forms in
numerous tissues and ¯uids of plants, animals
and microorganisms (Laskowisk & Kato, 1980;
Richardson, 1991). Of the inhibitors presents
in plants, many are active against exogenous
rather than endogenous enzymes, suggesting
that they play a role in plant defence, confer-
ring a broad spectrum of resistance to pests
and pathogens (Bowles, 1990; Broadway &
Duffey, 1986, 1988; Ryan, 1990; Christeller et
al., 1992; Shewry & Lucas, 1997; Vigers et al.,
1991).
Animal tests and medical experiments have
shown that proteinase inhibitors of certain
types are anticarcinogenic (Yavelow et al.,
1983; Troll et al., 1987; Troll & Kennedy, 1989;
Kennedy, 1994; Liener, 1995). The anti-
carcinogenic properties include the ability to
reduce oxygen-radical formation (Yavelow et
al., 1982; Frenkel et al., 1987), to suppress the
growth of chemical-induced colon and anal
gland tumours in rats (Billings et al., 1990),
breast tumours in rats and humans (Troll et al.,
1980; Tamir et al., 1990) and lung tumours in
mice (Witschi & Kennedy, 1989), to suppress
chemical- or radiation-induced cell transfor-
mation (Billings et al., 1987, 1989) and to
reduce spontaneous chromosome abnormality
(Afzal et al., 1989). Epidemiological studies
suggest that human populations which are
known to have high concentration of certain
proteinase inhibitors, mainly Bowman±Birk
and Kunitz families, in their diet have lower
rates of colon, breast, prostate and skin cancers
(Correa, 1981; Kennedy, 1998; Chen et al.,
1992).
Proteinase inhibitors are divided according
to the class of the enzyme they inhibit.
Sequencing and X-ray crystallographic studies
have shown that the inhibitors of serine
proteinases can be further subdivided into
several families. The major criteria for estab-
lishing a family are extensive homology among
its members, topological relationships between
the disul®de bridges and location of the reac-
tive site (Laskowisk & Kato, 1980; Weder,
1992; Ryan, 1990; Bowles, 1990; Bode &
Huber, 1992; Birk, 1985, 1994). Of the many
types of trypsin inhibitors, the most important
are the Kunitz and the Bowman±Birk protei-
nase inhibitor families. The Bowman±Birk
inhibitors have molecular weights of 8±10 kDa
and usually possess seven disul®de bridges. The
Kunitz-type inhibitors usually have a mole-
cular weight of about 20 kDa and only two
disul®de bridges.
An unusual proteinase inhibitor forming a
heterodimer of two non-covalently linked
polypeptide chains with molecular weights of
11 and 9 kDa was extracted from the seeds of
the C. langsdorf®i tree (Leguminosae, Caesal-
pinioideae). Here, we present the results of
puri®cation, N-terminal characterization,
crystallization and preliminary X-ray diffrac-
tion studies of this inhibitor.
2. Experimental
2.1. Protein extraction and purification
The whole seeds were ground in an electric
mill and the heavily pigmented fragments of
the tegument were separated by suspension in
chloroform [1:3(w/v)]. A crude inhibitor
preparation was obtained by extraction with
10 mM potassium phosphate buffer pH 7.6
[1:4(w/v)] for 4 h at 277 K. Centrifugation of
the extracts was performed at 10 000 rev minÿ1
at 277 K for 30 min and was followed by
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ammonium sulfate precipitation. The preci-
pitate was dialyzed for 24 h at 277 K against
distilled water and freeze-dried. All the
following puri®cation steps were performed
at room temperature.
The precipitate was dissolved in 50 mM
Tris±HCl buffer pH 8.0 and applied to a
Sepharose DEAE column (1.6  19 cm)
equilibrated with 50 mM Tris±HCl buffer
pH 8.0. After 200 ml of buffer elution, a
column was eluted with a concentration
gradient of sodium chloride from 0 to 0.5 M.
The ¯ow rate was 30 ml hÿ1, the collection
volume was 3.0 ml and the protein absorp-
tion was monitored at 280 nm. The
inhibitory fraction (DI) was dialyzed and
freeze-dried. This fraction was applied to a
Sepharose 4-B-anhydrotrypsin af®nity
column using 50 mM Tris buffer pH 8.0. The
column was washed with the same buffer
and the inhibitors were eluted with 1 mM
HCl in 500 mM NaCl. The biological
activity of the inhibitor was detected using
bovine trypsin and N--benzoyl-dl-arginine
p-nitroanilide (BAPNA) as described by
Erlanger et al. (1961). The purity of the
inhibitor was checked by SDS±PAGE
(Fig. 1).
2.2. N-terminal characterization
N-terminal sequencing was performed by
Edman degradation (Edman & Begg, 1967).
40 nmol of puri®ed inhibitor reduced with
1 M DTT was transferred to a PVDF
membrane and applied on the automatic
sequencer Procise 491 (Applied Biosys-
tems). Two different N-terminal sequences
have been derived, one of which, corre-
sponding to 11 kDa chain, shows a high
degree of similarity with the members of the
Kunitz family of inhibitors (Table 1). No
homology was found, however, for the
9 kDa chain N-terminal amino-acid
sequence.
2.3. Crystallization and X-ray data
collection
All attempts to crystallize the separate
polypeptide chains of the protein were
unsuccessful. The intact protein inhibitor,
however, was readily crystallizable. The
crystals of the whole inhibitor used for data
collection were grown by hanging-drop
vapour diffusion at 291 K in 0.1 M sodium
acetate buffer at a pH near 4.3 using PEG
4000 (20±25%) as a precipitant (Fig. 2).
Drops consisted of equal volumes of protein
at a concentration of 10 mg mlÿ1 and reser-
voir solution. Small crystals grew after 4 d.
The presence of both chains in the crystal-
lized material was con®rmed by SDS±PAGE
gel (Fig. 1).
X-ray diffraction data was collected from
crystals mounted in a rayon loop, immersed
for 30 s in a cryocooling solution (20%
ethylene glycol mixed with the
mother liquor) and ¯ash-cooled
to 80 K in a cold nitrogen
stream (Fig. 3). Data collection
was performed at the Protein
Crystallography beamline (Poli-
karpov, Oliva et al., 1997;
Polikarpov, Perles et al., 1997)
at the Brazilian National
Synchrotron Light Laboratory
(Campinas, SP, Brazil) using a
MAR345 image plate. Data was
autoindexed and integrated with
the program DENZO (Otwi-
nowski, 1993). Scaling and
merging of data were performed
with the program SCALEPACK
(Otwinowski, 1993).
3. Results and discussion
The results from SDS±PAGE
(Fig. 1) and N-terminal amino-
acid sequencing (Table 1) indi-
cate that the inhibitor under
study has two chains, with mole-
cular weights of approximately
11 and 9 kDa, that are non-
covalently linked together to
form a heterodimer of approxi-
mately 20 kDa. These two
domains are separated under
reducing conditions with 0.1 M
DTT and have different N-term-
inal amino-acid composition.
Figure 1
SDS±PAGE using a 16.5% tricine gel. Lane 1 shows
the molecular-weight standards: phosphorylase
(MW = 94 kDa), albumin (MW = 66 kDa), egg
albumin (MW = 43 kDa), carbonic anhydrase
(MW = 30 kDa), pancreas trypsin inhibitor
(MW = 20 kDa) and cytochrome (MW = 12 kDa).
Lane 2 shows the inhibitor extracted from
C. langsdorf®i seeds and reduced with 0.1 M DTT.
Lanes 3 and 4 show the two non-covalently bound
parts of the molecule separated with 0.1 M DTT and
puri®ed by HPLC using a reverse-phase column.
Lane 5 shows the inhibitor from dissolved crystal.
Figure 2
Crystals of C. langsdorf®i protease inhibitor. The
crystals were grown by the hanging-drop vapour-
diffusion method at 291 K in 0.1 M sodium acetate
buffer at pH values near 4 using PEG 4000 (20±25%)
as precipitant.
Figure 3
Diffraction pattern of the crystal. The outer area of the diffraction
image (between resolution rings of 2.25 and 1.82 AÊ ) is shown about
four times more saturated than the inner part of the image. The
close-up of the outer part of the image depicts re¯ections
extending to a maximum resolution of 1.83 AÊ .
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An X-ray diffraction data set (Table 2)
was collected from a ¯ash-frozen crystal
measuring 0.1  0.07  0.03 mm using
synchrotron radiation with a wavelength of
1.38 AÊ . Diffraction pattern showed tetra-
gonal Laue symmetry and systematic
absences indicated that the crystal is
compatible with the space group P41212 or
P43212. The small size of the crystal limited
diffraction intensities and the ®nal resolu-
tion range. In order to optimize the X-ray
diffraction data collection, the synchrotron-
radiation wavelength was changed to
1.535 AÊ (Polikarpov, Teplyakov et al., 1997).
A second data set was collected from a
different single crystal and evaluated. Its
maximum resolution range extended to
1.83 AÊ . The crystal belonged to the same
tetragonal space group. The unit-cell para-
meters were determined to be a = b = 58.71,
c = 93.75 AÊ .
The calculated cell volume is 3.25 
105 AÊ 3. Assuming the molecular weight of
the protein to be 20 kDa, the calculated
Matthews coef®cient (VM; Matthews, 1968)
was 2.03 AÊ 3 Daÿ1, indicating the presence of
one molecule in the asymmetric unit. A
number of crystallographic models of
Kunitz-type trypsin inhibitors available in
Protein Data Bank were tested as search
models for molecular replacement.
However, all attempts to ®nd molecular-
replacement solution were unsuccessful. A
systematic search for heavy-atom deriva-
tives is currently under way. The quick
cryoderivatization procedure recently
introduced by Dauter et al. (2000) will be
applied.
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Table 1
N-terminal amino-acid sequences of the two inhibitor
polypeptide chains separated with 0.1 M DTT and
isolated by puri®cation on a HPLC reverse-phase
column.
The table also shows part of the soybean trypsin inhibitor
primary structure, which presents 50% identity with
chain I of the C. langsdorf®i trypsin inhibitor. No
signi®cant homology was found for the chain II. *,
identical; :, similar; ., different.
Inhibitor chains
separated N-terminal sequence
TI chain I (11 kDa) RLVDTNGKPIENDGAEYYILPAVR
-::**:*.*:.*.*..******:*
STI (residues 2±23) VLDTDGNPLRN-GGTYYILPAIR
TI chain II (9 kDa) WQLPSVTVGNPKVSAFGGPF
Table 2
Data collection and processing statistics.
Statistical values for the highest resolution shell are
shown in parentheses.
Space group P43(1)212
Unit-cell dimensions (AÊ )
a = b 58.86
c 93.83
Wavelength (AÊ ) 1.535
Crystal-to-detector distance (mm) 100
Resolution range (AÊ ) 25.3±1.83 (1.87±1.83)
No. of re¯ections 123604





No. of images collected 100
Oscillation per image () 1.3
Completeness (%) 99.7 (97.6)
Rmerge (%) 8.9 (50.8)
² Rmerge =
P
hkl jI ÿ hIij/
P
hkl I.
